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Service and development 
of future material 
science technologies 
by Peter Rudolph and Winfried Schr~der assisted by Anke LOdge and 
Eberhard Wolf, Institut for Kristallz0chtung in Berlin, Germany 
During the unification of the two German states, in January 1992, the Institute of Crystal 
Growth (IKZ) in Berlin was founded. The activities of about one hundred co-workers focus on 
bulk and epitaxial growth of crystalline materials, beginning from the basic research up to the 
technological realization. At present the research topics are. silicon, SiGe, SiC, GaAs, ZnSe, 
GAP04, oxide crystals, numerical simulation, preparation, characterization and development 
of growth equipment. As such IKZ could be seen as a one of a kind institute in the world. 
Historical background 
During the process of unification of 
the two German states the Academy 
of Sciences of the former GDR was 
liquidated on December 31, 1991. 
With the aim of a continuation of the 
research and development work of 
the most efficient groups in the 
various institutes of thc former Acad- 
emy of Sciences a status evaluation 
was performed in 1990 and 1991 by 
the Scicntific Council of the Federal 
Govcrnment of Germany. On ac- 
count of the importance of single 
crystals for advanced research and 
modern technologies this evaluation 
led to recommendations of the Scien- 
tific Council to gather the knowledge 
and experiences in the field of crystal 
growth in a unique way via the 
foundation of an institute of crystal 
growth in Berlin. 
The former GDR Academy of 
Sciences in Berlin included two 
groups with activities in the area of 
crystal growth techniques. They 
were parts of the Centre of Scientific 
Instruments and of the Central In- 
stitute of Electron Physics. Whereas 
the department of crystal growth of 
the Centre of Scientific Instruments 
was mainly involved in the growth of 
FZ silicon, III-V (lnP) and oxide 
Figure 6. A vapour-grown ZnSe single crystal (graduation marks 1 mm). 
crystals, a small group of the Central 
Institute of Electron Physics dealt 
with the development of II-VI crys- 
tals. As a result of the evaluation of 
both institutes by the Scientific 
Council it was recommended that 
the two crystal growth departments 
should be merged into a new com- 
mon institute. 
The Institut of Crystal Growth 
(Instittit for Kristallzi ichtung -- 
IKZ) started its activities in January 
1992 by a considerable reconstruc- 
tion and enlargement of the supply of 
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equipment for crystal 
growth, crystal pre- 
paration and charac- 
te r i za t ion .  In the  
initial phase of the 
foundation a very im- 
portant activity was 
the appointment of a 
Foundation Commmit- 
tee. This committee 
was composed of  
highly qualified per- 
sons recruited from 
universities and indus- 
trial companies and 
consisted of ten mem- 
bers. The main task of 
the Foundation Com- 
mittee was the discus- 
sion of the focal points 
for the future research 
and deve lopment  
work at the IKZ. Re- 
sponding to the re- 
commendat ions  the 
aim has been directed 
to bulk and epitaxial 
growth of crystalline 
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materials, beginning 
from basic research 
up to technological realization in 
the industry. In accordance with the 
Senat of Berlin and the Federal 
Ministry of Research and Technology 
of Germany it was recommended 
that the IKZ should get a service-like 
status mainly in the following re- 
search areas: silicon and SiGe crystals, 
III-Vs, II-VIs, oxide crystals and liquid 
phase epitaxy. In the past, such large- 
scale scientific and technological 
problems have been investigated only 
in research centres outside of Eur- 
ope. Even concerning the comple- 
tion of the bulk crystal growth 
research until now the IKZ is unique 
in the world. 
In November 1991, the director 
and the core of the scientific staff 
were nominated on the basis of an 
advertisement by the Foundation 
Committee. In the beginning of 
December 1991, the technical and 
administrative staff was selected by 
the director and the heads of the 
scientific departments. On January 
1st, 1992, the IKZ started to work 
with a total staff of 52, among them 
28 scientists. At present the basic 
staff of the institute consists of 92 co- 
workers including specialists in time- 
limited projects. With doctorands, 
diplomands, graduate students and 
Figure 1.The management structure of the IKZ. 
Figure 2. Floating zone (FZ) equipment for the growth of 4-5-in silicon crystals, self- constructed 
in cooperation with Steremat Elektrow6rme GmbH Berlin. 
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and (iv) characterization consisting 
of various analytical methods e.g. 
microscopy, IR-absorption, Hall mea- 
surements, photoluminescence (PL), 
X-ray techniques, scanning electron 
microscopy (SEM), atomic force mi- 
croscopy (AFM), electron paramag- 
netic resonance (EPR). 
Crystal Growth 
Equipment 
For the growth of 4-5-in silicon 
crystals with a length of about 1.5 m 
and 1-2-in SiGe mixed crystals by the 
floating zone technique, there are 
five pullers developed and con- 
structed by the former Centre of 
Scientific Instruments in Berlin-Ad- 
Figure 3. LPE machine (AIXTRON) used at IKZ 
for homoepitaxy of silicon on polycrystalline 
silicon substrates. 
international guest scientists, a little 
more than 100 scientists, technicians 
and laboratory assistants are working 
in the laboratories of crystal growth 
and characterization a d in the work- 
shops of a total area of 3000 m 2 
within the scientific campus of Ber- 
lin-Adlershof. The institute is funded 
by all German Federal States (in equal 
parts) and the Bundesministerium ftir 
Bildung, Wissenschaft, Forschung 
und Technologie (BMBF). 
According to the growing demands 
and the acceptance in the scientific 
community a new complex of the 
IKZ is under reconstruction. On 
November 15, 1995 the "first spade 
stitch" for the new building and the 
growth hall near the present labora- 
tories was performed. The removal is 
assigned for 1998. 
The Management 
Structure 
The IKZ is organized in a two level 
management s ructure (Fig. 1) having 
the advantage of a direct access to 
the director by the growth labora- 
tories and the service groups (see 
diagram). There are five crystal 
growth departments dealing with (i) 
FZ silicon and SiGe mixed crystals, 
(ii) oxide crystals, (iii) III-V com- 
pounds, (iv) II-VI compounds, and (v) 
Figure 4. DIpI. Krist. J.Wollweber shows a Sil_xGex single crystal with a diameter of 35 mm and a 
length of 300 mm grown by modified floating zone technique (Photo: P. Schneider). 
liquid phase epitaxy (LPE). Beyond 
that, there are two small project 
groups of solution growth of GAP04 
crystals and of investigation of trans- 
port phenomena in mixed crystal 
growth systems under microgravity 
conditions. At once a further depart- 
ment for bulk growth of SiC will be 
created additionally. Parallel to the 
crystal growth laboratories there are 
four service groups with integral 
character: (i) construction and repair 
of crystal growth assemblies includ- 
ing drawing room and workshops of 
mechanics and electronics, (ii) nu- 
merical methods (computing in crys- 
tal growth), (iii) crystal and wafer 
preparation (cutting, and polishing), 
lershof in cooperation with Steremat 
Elektowiirmc GmbH in Berlin. For the 
growth of large SiGe crystals with a 
diameter of 35 mm and a length up to 
300 mm a self -constructed Czo- 
chralski puller, formerly used for 
high pressure growth of InP, is 
applied. Further more, eight automa- 
tically controlled Czochralski pullers 
of different producers (Cambridge 
Instruments, LPA, Siemens, Cyberstar, 
Philips, self-produced) and one top 
seeded solution growth machine 
(Steremat Elektow~irme GmbH Ber- 
lin) are employed for the growth of 
III-V compounds (at present 3-4-in 
GaAs and 2-in GaP) and a large 
number of different oxide crystals. 
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Two solution growth arrangements 
are in application for growth of 
GaPO4 crystals. Six temperature con- 
trolled furnaces with different num- 
bers of heat-zones (Gero GmbH) are 
employed for the vapour growth of 
II-VI (ZnSe) crystals. The LPE of 
silicon and GaP layers is carried out 
by four machines (AIXTRON, Cen- 
trotherm, self-produced). 
Selected Fields of 
Research 
S i l i con  
Crucible-free bulk growth 
The IKZ has long-term experience of 
the floating zone growth (Fig. 2) of 
dislocation-free silicon crystals with 
diameters up to 125 mm including 
the development and construction of 
FZ pullers. Such crystals, character- 
ized by very low residual impurity 
concentrations, are of interest for the 
application to power electronics, 
microelectronics and photovoltaics. 
Especially, the mechanisms of the FZ 
process which are not directly ob- 
servable have been studied by com- 
puter  simulation. The numerical  
models give qualitatively and quanti- 
tatively useful results for designing 
RF inductors under the assumption 
of a steady-state growth and for 
sufficiently low disturbances by the 
magnetic field of the inductor slot. 
Above all the thermal influences of 
modifications of the inductor profile 
can be predicted successfully. Re- 
cently the optimization of the HF 
inductor design was carried out, 
using the numerical simulation. A 
modified coil with a special profile 
and a thermal shield was developed 
in order to flatten the crystallization 
front and to homogenize the radial 
distribution of the electrical proper- 
ties drastically. As a result, possible 
concepts are presented by the IKZ to 
improve the FZ technique. 
Liquid phase epitaxy 
The activities of the LPE laboratory 
(Fig. 3) are mainly concentrated on 
the development of technologies for 
the deposition of silicon layers with a 
thickness of > 20 ~tm for applica- 
tions in microelectronics and photo- 
voltaics. The major tasks are: (i) 
growth and characterization of Si 
LPE layers on polycrystalline silicon 
substrates (EFG ribbons, for exam- 
Figure &The liquid encapsulated Czochralski crystal puller LEA Mark 3 for the high pressure 
growth of 3-4-in III-V single crystals. 
pie), (ii) investigation of the nuclea- 
tion process of silicon on alternative 
(i.e. amorphous) substrates via physi- 
cal gas phase deposition, and (iii) 
development of the LPE temperature 
difference method for silicon deposi- 
tion on 4-in silicon substrates. The 
studies are concentrated on the 
improvement of the layer structure 
by growth optimization and analysis 
of the correlation with substrate 
imperfections like grain boundaries, 
twins and doping inhomogeneities. 
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S ixGe l .x  mixed  c rys ta l s  
During the last years the worldwide 
interest for SixGet_x bulk crystals has 
been risen rapidly due to the applica- 
tion in solar cells with an increased 
IR sensitivity and as substrate for GeSi 
MQW epitaxy. Two growth methods 
are used at the IKZ: (i) the floating 
zone technique and (ii) the Czo- 
chralski method. For both methods, 
modified growth technologies in- 
cluding special measures of material 
refilling were developed in order to 
Figure 7. Automatically controlled Czochralski crystal pullers (Philips) for the growth of oxide crystals. 
achieve homogeneous or linear axial 
distributions of the molar fraction. 
Recently, for the first time, a disloca- 
tion-free GcxSi] × crystal with x up to 
0.09, 35 mm in d iameter  and 
300 mm in length was grown by a 
modified floating zone technique 
successfull~ (Fig. 4). Surprisingly, 
the result was obtained although 
the variation of the mole fraction 
within the crystal. 
Monocrysta l l inc  2-in Ge×Si] × 
(0 < x < 0.12 and 0.92 < x < 1) crystals 
were also grown by the Czochralski 
method using an automatic diameter 
control  system based on weight 
sensoring. A dislocation-free central 
core of about 35 mm in diameter 
(growth facet) with a homogeneous 
radial distribution of the germanium 
and the dop ing  e lements  was 
obtained. 
Semi - insu la t ing  GaAs  
Semi-insulating GaAs single crystals 
with high structural perfection and 
exactly controlled residual impurity 
concentration are essential for the 
fabrication of integrated high speed 
devices. In order to improve the 
quality of such crystals various at- 
temps for the optimization of the 
liquid encapsulated Czochralski  
(LEC) method are carried out at the 
IKZ (Fig. 5). 
The dependence of the crystal 
parameters on the inert gas pressure 
between 0.2 and 4.0 MPa has been 
studied systematically. It has been 
found that the etch pit density and 
the dislocation cell boundaries in- 
crease with the pressure because of 
the increased convective heat trans- 
fer coefficient i.e. temperature gradi- 
ents within the growing crystal at 
high presssure conditions. The incor- 
porated carbon and boron concen- 
trations and the electrical resistivity 
decrease with increasing argon pres- 
sure. The oxygen concentration be- 
haves opposite to that of carbon and 
boron. A slight increase of the EL2 
concentrat ion  with the 
pressure has been ascer- 
tained. 
In order to reduce the 
dislocation density the III-V 
laboratory started the activ- 
it ies of  modi f ied  LEC 
growth by markedly de- 
creased axial temperature 
gradients. A modified inner 
growth chamber with an 
arsenic source for the pre- 
ventation of the surface 
dissociat ion of the as- 
grown "hot" crystal was 
developed and is tested 
now. 
Vapour -grown ZnSe 
It is well known that there 
is an increasing interest for 
high quality zinc sclenide 
substratc crystals which 
can bc grown for a new 
generation of laser diodes 
emitting in the blue-green 
region of the spectrum. 
Over the past years basic 
research has been done at 
IKZ in bulk crystal growth 
and related surface pre- 
paration using the Seeded 
Physical and Chemical Va- 
pour Transport (SPVT and 
SCVT, respectively). Twin- 
free crystals with markedly 
reduced dislocation den- 
sity, down to 10 ~ cm 2, have been 
prepared (Fig. 6). 
It has been found, that the pre- 
treatment of the source material is 
essential for the high quality of 
crystals vapour grown in closed 
ampoules. Without phase purity only 
a reduced material transport has 
been reached. Beyond that in closed 
systems, the most important prere- 
quisite for the growth of stoichio- 
metric crystals is a definite Zn excess 
in a homogeneous source material. 
An improved single crystalline 
growth has been obtained if an 
exactly (111)Sc oriented seed was 
used. With iodine as transport agent 
in SCVT, lowest defect concentra- 
tions arise, but at the same time there 
is a reduction of about half an order 
of magnitude in the transport rate. In 
cooperation with the Universities of 
Wtirzburg and Bremen prepared 
(100) ZnSe wafers are applied as 
substrates in homoepitaxial multi- 
quantum-well LEDs grown by MBE. 
GAP04 
Gallium orthophosphate belongs to 
the new piezoelectrical materials 
with increasing importance for tech- 
nological applications. Compared to 
quartz, GaPO4 shows a higher piezo- 
electrical sensibility, higher electro- 
mechanical coupling coefficient and 
a higher temperature stability of the 
resonance frequencies due to the 
existence of the s-phase up to 
927°C (quartz: 573°C). At the IKZ 
GaPO4 single crystals are grown from 
solution by the slow heating method 
using a phosphoric acid medium as 
solvent and high purity GaPO4 as 
source material. Using a twin-free 
seed, relatively large strain-free crys- 
tals without twinning were grown. 
After annealing at IO00°C the rhom- 
bohedral faces show an etch pit 
density of < 105 cm 2. 
Oxide crystals 
There are long-term experiences in 
melt and solution growth of oxide 
crystals based on the know-how and 
specialists from the former Academy 
institutes in Berlin-Adlershof. During 
the last few years the growth tech- 
nologies were considerably devel- 
oped by modern izat ion  of the 
equipment (Fig. 7). 
Using the automatically controlled 
Czochralski and TSSG methods avery 
wide range of high quality oxide 
single crystals can be grown for 
numerous applications: undoped 
and doped crystals for laser engineer- 
ing (Gd3GasO12 , Gd3Sc2Ga3012 , 
Y3AIsO12, Tb3GasO12, Bi4(GeO4)3, 
NaX(WO4)2, with X=Bi,  Gd, La, 
ABC30 7 whereas  A= La, B = Sr, 
C =AI,Ga), LiCAF and LiSAF, LiNbO 3 
for non-linear optics, (Sr,Ba)Nb206 
for photorefractive devices, NaVO 3 
for polarization optics, pyro- and 
piezoelectrical crystals (LiTaO3, Bi]2 
SiO20, Bi12GeO20, La3GasSiO]4 ), sub- 
strate crystals for high-T c supercon- 
ductor epitaxy (NdGaO3, SrLaGaO4, 
(La/Nd)xSrl_xAlyTavvO3) and for GaN 
epitaxy (LiGaO2, Li A102). 
From the fundamental point of 
view a special interest is concen- 
trated on basic investigations of the 
morphological stability of the melt- 
solid interface. 
National School of 
Crystal Growth 
In addition the IKZ is cultivating the 
current teaching of young scientists 
and specialists from other scientific 
institutes and industry in the field of 
fundamentals of crystal growth. From 
September 9 to 13, 1996 a National 
Summer School on Crystal Growth 
with international participation will 
be held at Conference Centre Gosen 
close to Berlin. The topics are: 
structure and flows in fluid mother 
phases, phase transitions and nuclea- 
tion, kinetis at the growing interface, 
inhomogenei t ies  and inclusions, 
computing and automatization, low 
temperature gradient engineering, 
modern materials and methods. Ad- 
ditionaUy, two round table discus- 
sions aimed at crystal preparation and 
problems of crystal growth equip- 
ment construction. 
More details will be' given in the 
WWW-Server with address: http: / /  
www. ikz . f ta -ber l in .de  and by the 
chairman of the scientific program, 
Prof. Dr. P.Rudolph, Rudower Chaus- 
see 6, 12489 Berlin, Germany,  
Tel: 0049+ 30 + 63923034, e-mail: 
pr @ikz.fta-berlin.de 
Contacts: Director o f  the IKZ: 
Dr.Ing.habil. W.Schr6der, 
Rudower Chaussee 6, 
12489 Berlin, Germany. 
Tel: [49] 30 63923000. 
Fax: [49] 30 63923003. 
Silicon: Dr. H.Riemann, 
Tel: + 63923010 
Oxides: Dr. P.Reiche, 
Tel: + 63923020 
III- V compounds: DipL-Met. M.Seifert, 
Tel: + 63923030 
II- VI compounds: Drsc. H.Hartmann, 
Tel: 63923040 
Layer deposition via LPE: Dr. G. Wagner, 
Tel: + 63923050 
Equipment echniques: Dipl.-Ing. 
J. Weiflenburg, 
Tel: + 63923060 
Numerical methods: Dipl.-Phys. U.Rehse, 
Tel: + 63923070 
Crystal preparation: Dr. B.Nippe, 
Tel: + 63923080 
Characterization: Dr. J.Donecker, 
Tel: + 63923090 
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